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A Third Catalogue of 76 New Double Stars , discovered with a 
6-inch Alvan Clark Refractor. By S. W. Burnham, Esq. 


(Communicated by Mr. Bunkin') 


The accompanying list is the result of a search for new double 
stars since the preparation of the Catalogue in the Monthly Notices 
for May 1873. The 6-inch Alvan Clark refractor previously 
described has been used exclusively. In the begin ni ng I limited 
the distance of doubles to be noted as new to 10". A few ex¬ 
ceptions were made in the case of prominent stars, and where 
additional companions to well-known doubles were found. In 
the present observation, I have rarely paid any attention to 
double stars where the estimated distance exceeded 5", rejecting 
also faint pairs of below the 9th magnitude unless connected 
with a brighter star. With Struve’s limit of separation, 32", a 
very large number of uncatalogued double stars could be easily 
found; and if, in addition, faint pairs were noted like those com¬ 
prising the larger portion of the Catalogues of Sir John Herschel, 
the number which could be added would be still greater, and only 
limited by the time necessary to observe their places. 

Most of the following are sufficiently close and difficult to be 
interesting. The distances of fifty-five are within 2", and of that 
number about one-fourth will not exceed i n . The power used 
almost constantly has been 212; and I believe every double has 
been discovered, or suspected with that eye-piece, a higher power 
being used only on very close objects. My next lower power is 
125; but it is ot no use on really difficult double stars of the 
class sought for; and my experience has been that when the 
higher powers cannot be used to advantage, it is in vain to look 
for anything new. 

During the period covered by these observations I noted, 
altogether, as being possibly not already known, 199 double stars, 
with an approximate determination of the places. Of this number, 
76, forming the present Catalogue, were ascertained to be 
new. The remaining 123 are distributed among discoverers as 
follows:— 

Struve 
Otto Struve 
Herschel I. 

Herschel II. 

Alvan Clark 
Dawes 
Burnham. . 


• 75 

• 35 

• 5 

2 

3 

1 

2 
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60 Mr. Burnham's Third Catalogue of Double Stars, xxxiv. 2, 

From this it will be seen that rather more than one-third of 
the stars entered really proved to be new. Of course, it will be 
understood that this is only a small portion of the number picked 
up ; but my practice has been to give no attention to stars unless 
at least moderately difficult under average atmospheric conditions. 
Occasionally, perhaps, if the place had been determined the 
double might have been found to be new, but the time saved 
more than compensates for the probable omissions. In my 
earlier observations, the proportion of new objects was very much 
less; but practice has enabled me to know better what to look 
for, and to decide with some certainty whether or not the star 
observed is likely to be new; and I think this ratio would 
now hold substantially good. The value of the various double 
star catalogues will be seen from a comparison of the number 
of double stars found and identified in them. Mensurce 
Micrometricm , which contains six times as many stars as Otto 
Struve’s Catalogue, furnishes but twice as many, while in all the 
rest of the works on this subject, embracing between 4,000 and 
5,000 stars, there are but eleven identified. 

My observations have been largely south of the zenith, and 
particularly in the vicinity and south of the equator, and this 
will account for the undue proportion of southern stars. More 
attention recently, however, has been given to regions further 
north, with the result of discovering some very interesting pairs. 
A more careful examination has also been given to previously 
known doubles encountered from time to time, and in several 
instances the principal star has been found to be again closely 
double. Perhaps the most prominent of these, although not 
the most difficult, is /3 Delphmi, As this star has been observed 
by Struve, both Herschels, Smyth, Dembowski, and others, 
without the duplicity of the bright star being detected, there is 
a possibility of its having opened within a few years. Although 
by no means a severe test for a 6-inch aperture, it is still difficult 
enough to have been missed, unless very carefully examined. 
This is not the case with S 2793 ; and it seems impossible for 
Struve to have overlooked it, unless much closer then than now. 
51 Aquarii is closer and much more difficult than either. In 
this part of the heavens generally, there is a great scarcity of 
close doubles in Mensurce Micrometricm. Several have been 
found, given in this and the preceding lists. The close pair of 
H, 2867 is an exceedingly difficult object, and has no counterpart 
among Sir John Herschel’s double stars. It is a remarkable fact, 
and hardly accounted for by the sweeping power employed, that the 
seven catalogues of Sir John Herschel, which, with Cape Obser¬ 
vations, comprise more than 3,800 double stars visible in this 
latitude, do not contain a single very close double star, and but 
six where the estimated distance is down to i' ! . How compara¬ 
tively little there is in them likely to receive any attention in 
searching for new objects with the limit I have adopted as to 
distance and magnitudes, will be apparent from an inspection of 
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Dec. 1873. Mr. Burnham's Third Catalogue of Double Stars. 61 

the statement above, giving the original observers of the double 
stars noted from time to time, and found to be already known. 

I would call particular attention to v Scoijrii (No. 120), 
which I have very little doubt is an exceedingly close and 
difficult double star. I examined it several times under the most 
favourable circumstances, but could not get rid of an apparent 
elongation of the principal star in a direction nearly north and 
south. A power of 410 was used, and the utmost care taken in 
focussing, (a Scorpii is an admirable object for this purpose, 
having about the same declination, and also a companion in 
the same general direction as the more distant companion to 
v Scorjgii . /3 was ahways seen with a perfectly round and 
sharply defined disk, and turning the instrument at once on r, 
it did not seem possible that the slightly wedge-shaped elonga¬ 
tion could be an illusion. Not being able to settle the question 
positively with my aperture, I requested Professor 0 . A. Young 
to examine it with the splendid 9*4-inch Clark refractor of the 
.Dartmouth College Observatory, and he kindly did so. Pie 
informs me that he observed it on several occasions, generally 
under unfavourable conditions; bub the last time the air was 
pretty steady, and while the elongation might be due to atmo¬ 
spheric dispersion, he was rather inclined to think it was double, 
although he could not even notch it. In the mean time I had 
tried it again on a number of superb nights, but with no further 
result than tending to confirm the previous suspicion. From its 
great southern declination it would necessarily be a very difficult 
object in this latitude ; and it is only when the air is unusually 
steady that a sufficiently high power can be used to show it. I 
trust that some observer in the Southern Hemisphere will give 
this star a careful examination. I shall certainly be much dis¬ 
appointed if it prove to be single. As a wide pair this star is 
HV. 106 (— Sh. 220 = S C.P. 509). Jacob at Madras in 1847 
found that the companion was also double, and that is now a 
very easy object. Should the principal star also prove to be 
double, it will make by far the most interesting known quadruple 
in the heavens. 

The Nebula given at the end of this Catalogue may possibly 
not be new, but I have not been able to find it in any of the 
works I have access to. At the first glance it was taken for a 
close double companion to Argelander’s star. With a large 
aperture, it will doubtless be found to be a very interesting and 
curious object. 

The distances and angles are in all cases estimated. The 
numbers are continued from the last Catalogue. 


Chicago , U. 8 ., 1873, November 12. 


© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjournals.org/ at RMIT Central Library on August 15, 2015 




1873MNRAS..34...59B 


s 

& 



n 

o 

1 

Pm 

a 

o 

o 


I 

m 

33 




I 

a 


a 


o\ 


il-S% N 

A*** 

^-go v§ 
go CO 
Pm 


. . "d- 

ig o 

!»°>2 

+ 


co OO 

M 

-3 <8 a «• 

o 


co 

Ot 


<S 

g) 

*53 

o 

A 


o 

ot 

VO 

+ 


bD 


t>~ 

& 2 


00 

CO 

W 


CO 

M 

to 

ct 

co 


CO 

o 

CO 


Sept. 

Oct. 


Oct. 

f—1 

< 

June 


June 

& 

s 

June 











o 


0 

00 

|H1C» 

Ot 


Gt 

ct 

00 

N 

PH 


tH 





PH 



i-iici 


o' 


n|e» 

Ot 

p-iici 

vO 

oo" 

H« 

00 

OO 

od 



t—1 

OO 

OO 



VO 

OO 

CO 

i n 

8 

m 

p 

PH 

to 

to 

ct 

PH 

PH 

PH 


1—t 




PH 





01 

VO 

vo 

3- 

to 

ct 

O 

VO 

VO 

'd- 

o 

ON 

o 

PH 

o 

CO 

220 


co 

co 


co 

CO 

N 

ct 

PH 

>o 

t>» 


ct 

OO 

PH 


vO 

o 

at 

M 

i—i 

co 


co 

w 


. 



ct 


• 

VO 

OO 

Ot 

• 

N 

00 

O 

vO 

PH 


PH 


PH 


PH 


+ 

+ 

1 


1 

1 

+ 


+ 

I 

CO 

VO 



o 

VO 


Ov 

o 

rh 

N 

•sb 

N 



PH 

■d* 




t>H 

ct 

O 

co 

| 

"d* 

PH 

to 

'd* 

'd - 

to 

: 

CO 

c^ 

CO 

ct 

Cv 

CO 

o 

O 


PH 

O 

PH 

a 


co 

PH 

CO 

PH 

co 

PH 





i K » 


t>H 



O 

t-t 







ov 

vo 

C* 

OO 

CO 

-d* 


cP 

d 

VO 

o 

pq 

Q 


ce 


o 

o'' 

M 

PH 

# N 

to 

+ 

ph Tj 

t 3 

r>. 

OO 

a 


TS 

+ 

<D 

VO 

CO 

'— ✓ 

hn 

cs d 

.pH 13 

d 

eS 

PH 

Po 

a 

o 

xii. 
. an 

fl 

c 3 

&b 

C/2 
«2 
• r*l 

CD 

to 

w 

a 



© 

o 

d 

P. 

A 

pq 

a 


i 4 

00 

Os 


o 

PH 



CO 


vo 

o 

.1—1 

O 

PH 


PH 

PH 

PH 

PH 

fcH 


J-H 


PH 


Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjournals.org/ at RMIT Central Library on August 15, 2015 




. „ 02 

.«5> ^ 

o 

& 3 


J§ 


'S' 

§ 

o 

d 


a 


g 

E, l<5 

•3 

^ a 

O • p " 1 
4J 

-■e 3 

ft 


l* 

<D 

ft 


.8 | 

+j Ph 

Is' 

13 

_, 8 
HZ? ti_i 
O o i 

§d 02 : 


P d N 

.‘S^ g 

-i p B 2 

a crt P ^ 
© ft 

?4 - fj 

ft* H«GC2 
© « 05 

•5=.® ** 

o © 
ft M P 

d P 


2 • P 

H p & 

B 0) 

g 

© © o 

> £ £ 


DO 

5 


s 

« 

«o 

ft 

O 

£> 

• rH 

fl 

'o ' 

• rH 

t> 

rP 

-U &S 

P P 

•rH O 

g-a 

*0 s 

31* 

.a 8 
• S5 

ft.P 

© *3 

p 

cp c3 


£» 8 
Iff 
g 3 

P ft _ 

® © vT 

•?r 03 

£ ft 
p ®'.S 

£ ,P rP 

© P +> 
P o ° 

*y ^ 

© 3 

W2 .2 
S _2 4-> 
§ 

•S h-a 

r—( ?H O 
-f- 3 © JS-c 
ft >> +2 

0 a -9 
^ © © 

CO 4- 1 

p ° 
fta3 
•r{ © _ 
o +j 2 

a o 3 

.p © © 
ft 

ft^c® 

E3 © 

W h 


© 


P 

•!“< 

© 

© 


© 


n3 

P 

S' 

«S> • 

^ § 
<©» o 
cou3 

'si 
s 8 

On © 
Tj P 

3 S 

bl 

vn'H. 
VO u 

_ © 
S T3 
« P 
5h P 

’p 45 
ft p 

p£ 

■Se 


p 

P 


CO 


8 

© 


ft 


p 

p 


p 

o 

4J 

&D 

P 

• rH 

a 

o 

«& 

© 

© 

«3 

'ft 


Kg 

I 3 

_^s P 
<0 o 

,N 


u 

p 


p 

VO 


2 © 
© 

Kg ft 

^ hi 
.8 ® 

p S 

•<-< «d 

P 4J 

*3 3 
ftft 

P is- 

© 

g ^ 
^ q 


5 


A 

At 

A 

< 

H 

p 

rP 

H 

£ 

<} 

10 N »H 

rh 

rf* 

0 


VO 

hh 

M M 


M 

CO 

CO 

t-i 

CO 

^ ^ p 

c3 o3 P 

a a £ 

1 

June 

& 

& 

3 

© 

P 

£ 

1 


2 -fe 'g 8 g ft, ri 

ca^.§ §j^-g 

"p 3 g p ca 

o: P .x f-> N 3 

•v*\ 4J ® 


^ S *§ C ^00\„ 

lllj .511 

. o ^ ^ ^ § 

50 0 a-g.2 3 


to 

»H 

o 

> 

e3 

© 


w 

0> 

^fi i|it 

* 5o 13 60 ,£? I 

, r 5SS , 1 | 

ri "'S.'s! §a 

■r ™ 5 f! p +J ^ ^ 

p c o s ca „ 

ft’2 rr> P a © 4-2 *<s> 

oil ".'S 
•?-| 3i> c - 3-I 
•It,s i s^oo^ 
w *gf 

^ ^5 © .2 .15 3 .2 ^ 


CO 

M 

© 

P 

P 

Hs 


Os Os 


<i|N 

o 


Os 


r- 


Os 


bfl 

s 

CO 

00 


00" 



tC 

00 





<v. 




Q c3 a> 

M 4S 

VO 


H4 

M 

CO 

6 

VO 

M 

ct 


Position 

est. 

0 

0 

CO 

M 

O 

Cs 

8 

CO 

OO^ 

CL. 

0 

VO 

CO 

O 

t>. 

M 

2IO 

210 


o 

vo 

C* 


o 

Os 


" Os *0 O 

11° r> )f? ^ 

r —1 i-« 

. I I 


CO 

co 

o 

I 


OS 

Os 


VO 


r~^ 


co 

01 


Cv 


co 


CO 

10 


o 

CJ 


<J o 

2 00 

&°Z 


00 

CO 

Hi 

VO 


h-t 

Cs 

zc 

Cs 

Cs 

co 





M 


1-1 

vn 

Cl 

VO 

ah 

a 

CO 

rf- 


Os 

l A 

N 

CJ 


CO 



1—i 

ct 

ah 

10 


co 

CO 

^h 



rh 

rh 

ah 

ah 


vn 

vn 

0 


K 


Hi 

H 

M 

M 

w 

M 

H 4 

Hi 

M 

H 





vn 





P~ 



O 



O 



CO 


d 



+0 



d 



VO 


• 


M 

a 

© 

t>» 

!>. 

vO 

Hi 

O 0 

ah 

VO 

S3 

ah 

ah 

vn 

nh 

I'H 

0 p 
© cS 

HH 

vn 

d 

vn 

Cs 

rh 

00 

s; 

SO 

d 

ah 

d 

d 

»H 

l-t 

CO 

t> 

fi 

d 

d 

d 

d 

co . 

<d 

d 

© 

CO 

H 


q 

q 

Jz; 

q 

q 

q 


q 

q 

# 

VO 


00 

0s 

O 

i—i 

d 

co 

rh 

VO 

0 

Jz; 

HI 

Hi 

Hi 


d 

CM 

C2 

d 

d 

d 

HI 

Hi 

HI 

1-1 

H 

rn 


*-< 

t-i 

1-1 


Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjournals.org/ at RMIT Central Library on August 15, 2015 




1873MNRAS..34...59B 


I 


■M © j-j 

vo ^ 

CO O . CD 
| ^ VO 


<o 


<D r 


Cu 

M 


§ 3 ps ^ 

a 1 ! ««* 

*- 

•s-si i 
•a 13 ” 

$V‘l 

<§t> g § 

8 .'£> o 

•s 1*^3 

O fi 4J jS 

3 ® go 

■© •- d 
. > 
ov .3 
co1£ 

CO u ._ . 

10 -3 -S 

• dl © xn © 
O a ri4 ed .p-s 
j O «3 fc> d> 

PQ 


© 

a 

s 

T3 

P 

c3 

I 


vO 


m S- 
<o 

d VO 

g ^ 


© w 

>- -l - 3 
a> bt) 
0 


CO 

c* 

%r 

to 

-P 

o 

• H 

-cl 

£ 

o 

p 

o 

• r>4 
+-> 
c3 

•,3 d 

o • 

rS^. 

©« 

6 .a 

- 

00 c 3 
Vg rP 
vO -+- 1 

d 

c3 


^ 'g 


CO 


to 

E-t 


© 


H 


© 

¥ 


d 

d 

bO 

© 


d 

d 


© 

& 

-H> 


Pi 

© 


© d 

CO •—j 

S|.a 

!1« 

1 § 

— © ‘3 

'*$% 


•3 


S.-h 

co 


1 s &■! 


s» 

c : ■ 


1 I 


cc 

P<Pi 

a § 

O d 
© 

„ P-i 

? 3 

2 « S.S 

^"g * 

aa Ph d P 

“*« 3 


Pi 


1 


r S> P 

11 

«_a 

VO -4-—* 

M 52 


«s ~ 


§> 

0 Q 


§8 ,d 

c.S S ft 

© ■'T* '"J 

p ^vocg 

|| *% 
B +> -. e3 


© 

rP 

H 


8 


p 

i © 

1 -a 

«Ht „ 

O © 

,2 H 
bo 

d . 

C0 # <S> 

• r-t *<s> ^ 

3 k ° 

•iS -4-3 

'd-'S % 

2 &S 
■S<g.“ 

c3 


© 

U 

Pi 

<1 


P 

O 

"B 

ce 

Pi 

S 

© 


d.S 

O Tj 

^ H 
P -3 

• U ‘fe 

c 6 ^ 

Pi P 

£ 1 
i ” 

bJD 

© 73 

^ J 

d t *- 

< 


t3 

^ © 

ST'S I 

i—i 03 © 

i—H r—l 

2 O bD 
a n d 

CO 0 .TO 
C3 IH ^ 

■si! 

I'S'S 

CO a? cc 

-y ^ 

is 

2 tfi OD 

rd 


2 ^ 

H § 

.d! 

.SB 

*d W 

pH VO 

CO 

p W +j 

|°t 

^d.S *? 

|>l 

in 

© ^ 
50 d 

^ ‘g to 

P B © 

d .d © 
<d ^ Hp 


'd 

2 . 

VO 

t -4 

vO 

vO 

vo 

CO 

*-4 

vO 

vO 

VO 

vo 

© co 

t> f- 
© OO 

8 M 
P 

© 

d 

t ~3 

June 

June 

^ June 

June 

June 

June 

>> 

"d 

P> 

June 









©?» 

o 

4 -t 

za 

•v 

Ov 

o 

t-H 

o 

i—t 

co 

►H 

1-1 

o 

t-i 



•a 

vO* 

CO 


-H'(N 

J>- 

vo 


t 7 

t- 

—<N 

a 










05 

CO 



v° 



co 

cp 

fO 


vn 

•d- 

t -4 

P 

M 

b 

4-4 

HI 

) Oj © 




















d 

.2 . o 

.13 -So vr> 

m © c* 

O 

Ov 

o 

d* 

CO 

8 

M 

o 

t-t 

O 

l'- 

ct 

o 

VO 

o 

C 4 

o 

d- 

P 

' CO 
co 

CO 

*-4 

OV 

VO 

01 

CO 

OO 

CO 

ct 

vo 

M 

'd* 

O 

vr> 

§°o 

Pm M 

1 

c<t 

1 

vO 

M 

1 

VO 

Ct 

1 

3- 

+ 

vo 

7 

ON 

1 

vo 

1 

'O 

+ 


co CO 

-'1- 

CO 

vo 

N 

O 


vo 

o 


vr> 

ct 

CO 

•-H 

Ct 

vo 


frH 



a 2 

CO 

t—< 

Ov 

t-t 

d 

ON 

Th 

CO 

-d- 

O 

(M 

ct 

01 

rd 

V-4 

!>. 

t-t 


i>* 

t-« 

!>- 

4-1 

oo 

w 

00 

HI 

0O 

t-l 

CO 

Ht 


•d co 

$ + 
,W : d 
I t> 

P M 

d 


- vO 
o w 


’+ 

VO 


Ov 

GO 

vO 

d 

<d 

PQ 


oo 

N 


w 

o 

Ov 


o 

co 


oo 

vo 

S O 
” <i 
d M 


HH M 

CO CO 


VO 

w 

vo 

d 

< 

M 


CO 

co 


-Cf- 

% 

o 

vO 

^f- 

+ 


bfl 

u 

< 


co 


© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjournals.org/ at RMIT Central Library on August 15, 2015 




H ' ® ® ' fl © 

G r r" j ■*~ 4 Q rl 

-a - ^ Jf.S -5 

*-S s «%4 ? 

J§ © ft s o | h 

*h © h » ^ ® 

o 3 ^ © 

rti © *d tj _o 

82 ^ ft 3 © •■“ 

h'SH’" 03 +£ . 

o3 ^ O Cli 5? t3 

st d • S 

■jtl|«rl 


„ 2 a ft r- M 


4 ® d© 

ft g 
© o 

J-l © 
&>-< 


J--M ' s H 

y o v^ft ,-h 


!§ 


«SS“'-' S " 


3 

*s 


ft 

tg 


g 5 

a*”'© 

g* s § . 3 § 

© .15 ^ S *S 02 S 


© ro 

8 “* 
1 H 
P 


© 

rt 

P 

Hi 


ft 

ft 

«e- 

XI 

VO 

to 

H 

O 

TO 


5 « S ^+3 ;rj 

* s *« I 


° 5 _ „ 


3 



I 


* ■§ 


rb 

01 

ft 

fl 

c3 

©i 


ft 


§ a 

I- 

■S ® 
il 
„§>S 

‘s ® 

i* 

•X +3 

a* 

<3 
© 


ft, 


►>° 

^ a 

go © 
o ft 

■SI 4 


P 

ft 

ft 

ft 

fl 




ft 

.2 o\ 

S/b 

,±3 a . 
p >n 
° oo § 
vO © 

ft 

g 

3°’43 

£3 ~ ce 
= ft ft 

3 „ a 

£ © o 
.ft © 


w 

Sfi 


^ ft 5 

ni xh 


© 
ft 

§d ST 1 


^.S 


o3 

Pi 


© «x 
ac © -«u 

c §1 

-X> ft 


0 

«H 

fl 

%< 3 

ft 

Zfl 

•r> a 


O 

< 

> 


8 

00 

ft 

1—1 


t$ 


© 

P) 

S3 

ti> 

4-» 

ft 

© 

$ 

<1 

Ha 

<! 

m 

< 


P 

I 

O 

O 


"§ 

o 

r d 


-5 

■3 

•<s> 

s 

o< 


4S 

QQ 


CO 


* 2 >/ft 

ft 5 

~ 3Q 

«» 2 » 

~ f- « 


tx !?.;£ +3 
VO ft 50 

°g-S c £ 

*! ft.2 £ to 

W J3 fl o U-) 

d » 10 

5.3 s|^ 

rg nd J 0 JC 

3 S S © * r ~ 1 

pi rM P) +3 

O OU2 0 H 
"3 £ ~ u 

2 §3 ® '3 +3 
^ 5 ^ ft.2 
© ~ © 1 1 

.J-S 


» 2.2 


a: x 

C • 

S~=r d 

q ’"""' •“ 

w c © . 

^ ^ .2 g © 

P! © S © _rt 
a H-3 ft oq ' 


ri 

ft 

b£, 

fl 


ft 

2 

© ft 
to 



© 

> 

JS>» 

00 


w 

ft 

© 

ft 

S3 

© 

m 

d 

t-» 


»cs 

cs 

•1 

bo 

S3 


a jr 

ct 

a 


§<t a 

0 

I s 


- 

ft 

II* 

■^h 

XI 


0 

00 

O 



VO 









Hoi 




On 

00 


tC 

00 







t-l 


VO 


VO 



Th 

XI 

M 

b 

0 

to 

to 

0 

Q 

O 

0 

0 

O 

<-( 


l>» 

to 

to 

1—1 



ti 

*-H 

to 

c* 

ts 

Th 

ON 

ON 



•to 


to 

to 



40 

i>. 

"4- 

ft 


. 


to 

*-1 

1—1 


; 

4- 

+ 

1 

+ 

1 



T}“ 

b 


10 

00 


c» 

ts 

+ 


-H 

O 


ON 

N 

tO 


ur> 


to 

r« 


P £ 


03 V© 

0 

tNx 

Jt>* 

1 -* 

"t* 

to 



ON 

ft 

to 

to 

-th 

P^OO 

©0 

00 

ON 


XI 

to 

XI 

to 

0 

b-i 

*0 

On 

VO 


■*3* 

00 

XI 




ON 


«1 

M 

o 

>—I 

CN 


O 

VO 

ft 


O 

-to 


ON 


s 

• i—4 

‘g 

CO 

ON 

VO 

O 

voM 

O 

oq 

0 

2 

© 

5® 

• lB 
*© 

© 

co 

CQ 

■S 

HH 

-2 

to 

& 

00^ 

r3 

P 

c3 

-o'dd 

00 3 
cs a 

TO 

fl 

o3 


f* 

£ 

)4 

CT 1 

<1 


pq 

W" 



ft 


00 

On 

0 




til 

« 

-to 

XI 

to 

XI 

to 

to 

X 

tf 

X 






G 





• 



Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjournals.org/ at RMIT Central Library on August 15, 2015 




1873MNRAS..34...59B 


a, 


& §> 


Vi 

© 

nd 

« 

«P 

© 

B 

p 

M 


§ 

-©- 

ft 

£ 


I 

<§> 


2 » 8 

C CD 

2 § I 
t?s r § 

O hbO 

p*.s I 

® ®{H 

ID 

© r® 4J 
H-H *3 O 

9 

,0 CD 02 

CD fc>D u 
Ph CD +-> 

9 9 ® 


+= d d 

g §H 

R ti 

h£ft . 
9 -M g 
® 9 d 

1I| 

S 9 -5 



© _cj 

t> ft 


05 




<0 

00 


a 

o 

• 1-1 
p 
o3 
Pn 

I 

O 

© 

rP 


P 

o 

•rH 

l, 

Ph 

S 

o 

© 




Vh 

9 


e ■ 

c 

..;£ 

_-, rH ^ 

9 *3 gSZ 

Jj ft* 3 * PH 

d^ 


M § 
© P 

9 


9’^ * 

§ °* § .S ft 

® - S -<1.13.2 

It's - 


CD ^ 
© 

P 


® 4 SJ« 
g . H <» .« 

SB 


.. □ ID .O 

*h p -o *r> 

_ ^ ® ^ -fe 

03 ® §j 0 S 


4J © 

P 05 

ft o 


V. VO 


9 » SH 


© 


>—( ft O O K) ^ 

m s I © 
.ll .Sis 

.al 3 ££fc 


t 3 

© 

CO 

Cv 

VO 

l-H 

ON 

HH 

On 

© rb 


M 

ct 

ct 


M 


> t- 

© 

p 

p 







O 00 
£ H 

© 

P 

3 


jo, 

9 

9 

t 

HJ 

Ph 

© 

ft 

t-5 

ft) 

<1 

ft 

o 

ft 

m 


ho 

4 


o ~ ~ 


ON 

oo 


a 

CS 

a 


•h P to; 
Q p © 


Ph 


CO 


o 

o 

CJ 


VO 

oo 


ON 

o 


o 

CO 

IS 


O "H 
ct 


to O 

t-r On 
i-h Ct 


VO 

0O 

CJ 


o 

l-H 

CO 


to 

et 


<8 

M 


V° 

Ct 


vO 

OO 




O 

ON 


Ph £ 


VO 

VO 

o 

00 

Q 

o 





ct 

HH 

ft 

ft 

HH 


HH 

. 

o 

o 

: o 

Hr 

O 

VO 

; 

co 

* 

ro 

ro 

CJ 

CO 

HH 

HH 


CO 


+ 

+ 

i 

+ 

I 

+ 


+ 


co 

HH 

vo 

VO 


vo 


VO 



CO 


*+ 

M 

ft 


vo 


CO 

vO 

• 0 

w 

VO 

ct 


vo 

* 

CO 

co 

: ft 

ft 

ft 

vo 

• 


* 

ON 

ON 

On 

ON 

ON 

ON 


o 


Hr 


>-H 

nr 

HH 

HH 


CHI 



■ch 

vO 

vO 

CO 


O 

co 


ft 

.2 

9 

ft 

ON 

o 

& 

ftPQ 

o 

ft 

O 

CO 

ON 

Q 

voW 

o 

CO 

VO 

VO 

00 

co 

ft 

O 

W 

3 

$ 

3- 

+ 

ft 9 

*>• S 

ft 

p 

ft 

ft 

vo 

!>. 

+ 

Jo. 

O r^j 

ft 

p 

c*3 

ft 

N 

02 

ft 

a 

ce 

ft 

P 

eQ 

ft 

co 

tL 

U 

co ^ 

• <S 

■-w 

< 

CO 

9 1 

ft 

CO 

ft ^ 

PQ 

d 

II 

<j 

ft 


(ft 


ft ^ 


ft 

<H 

ft 

ft 

n 




co 

Tf" 

vo 


VO 


OO 

On 


o 




o 

ft 

4“ 

ft 


ft 

ft 

ft 



vo 



& 

HH 

>H 

M 


HH 

HH 

HH 

w 


Hi 





© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjournals.org/ at RMIT Central Library on August 15, 2015 






o 

ft 


*3 rg SO |L| ^ .2 f4 
^ O on p S H w o 

g _< +? .S a © ri< 

P 03 S c - •+-> O 

" ^ P g M P ^ 

E»o-g Td" ® 

hhS S mGQ 


P 


- o J“i^i. § 

3-3 aj^^a 

O ffl ,, r _j £>ni-t-# 


I ^1 


- 03 
* £ 


r*i . ^ M CD . . _g © 

P 03 03 fl 0,W S . O 

a m - 'To 

«3 S ^ o^ g © 

£ Jrp dr£ c« 03 

S2 S S I M « l.f 

S §”IIJl2» 

TO^3 £* © J © J P'S 

®rO TO r^J £ g £ J 
+3 

VH 

v —~ " ~~v ' —t 


Jl8 

” s, 
*«! 

P 01 
. d 
CO 


O f^nO 

C3 g 


o 

CV© 

i? h iS 

8 -l 

'§ “| 
8 a* 
« ,„.2 


n3 <3 M 

* ^ . 

°S tG 


ce 


,5 8 
o a 

n o 3 

P^+3 
.2 
t> no 


P 

sa 


& 


o 

Cl 

j s 
a ^ 

CO lO 


!W 


^ r-. 

O U 
0-» 

0 S, 


J H 
S 


§ 


a 

CO 

S3 

01 

to 

V 

of 

S 


f 


VO 

OO 

0O 


d M 


C+H I I 

° £0 J2 

-c ^ "O 

& t?3 

a e . 

s Ss 

g< 

00 ® 
r^i> 

« ^ s 

N CD 

hh 

> ca 

8 £ 
s 03 
W rj-V 

TO a 

a 53 

' ' o 

J S 

„ » fi 
CO 53 O 

N+) o 
7: CI--J G 

g & 


Jj“ 

°8 
.s r 
©: 

2 • C3 ^ 

. g^izj 


rs 
a 

03 

TO*W O 
<! 


o 

VO 


«M 

o 


•g..N 
f-*a 

03 TO fi 

?0-’ g 

rti 03 o 

r-7-j rp\ O 

1 H § 
cd 

c 3 \o 

EL n • 

CJ 1 rt-^G 

C3 -i-^ 

c W b 

I* 5 


l^-s 

H 


Pi 


nd 

© 

C3 


© 

a 


o 


Cl 

rP . 

43 s 

g« 

’3 M 

§ g 

a | 

8m 
S o 

a ® 

fl o 

•S a 

S 0 


S . 

|R 

§ OO 
8 M 


3 


J J ® 


i£ 


85 

p c 


ii a 

P? M 

3d 


§ 

2 

a 


« 


GO 


bb 

a 


I \ 


we* 

CO 


>o 

vr> 

CO 


+ 


00 

*■ 


co 

00 

OO 



►H 

M 

Cl 

M 

Aug. 

Aug. 

Aug. 

June 

© 

a 

a 

*-5 

tD 

P 

~'5t 






OO 

0 

o 

7^ 







— 


fO)*3< 



ph.'N 



SO 

rL 

CO 

•S 

00 

tN 

rlT 

UO 

to 

SO 

d 


o 

*<i 

Cl 

o 

>H 

o 






d 

O 

co 

hH 

o 

t>. 

d 

55 

§- 

s 

d 

a 

l'-. 

t© 

to 

CO 

00 

to 

SO 

d 

VO 

to 

vO 

Cl 

SO 

O 

to 

SO 

Tf 


+ 

1 

T 

-r 

+ 

T 

GO 

O 

SO 

to 

Os 

©s 

*""' 

** 


d 

co 

d 

OS 

o 

so 

co 

IN 

o 

CO 

T(- 

*t 

rb 

m 


O 

o 

o 

O 

o 

t-4 

Cl 

<N 

Cl 

d 

d 

d 




to 

Os 

r-'—s 




>-i 

so 





d 

co 





co 

CO 



lam 

to 

IV 

GO 

so 

'p n= * 

© ci 

to 


Os 

'© 

rP 

P 

© 

d 

< 

O 

«Q. 

o 

d 

Eh 

ITi 

d 

fO 

H- 

b-i 

to 

to 

to 


O 

to 

+ 


SP 


03 

t)D 

a 

a 

§ 

Ci 

Ct 5 


v© 

to 


CO ^ 

: a«a 

1*^ 


N 

to 


E 2 


© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjournals.org/ at RMIT Central Library on August 15, 2015 






a* 

<D 
• O 

15 

§■3 

pH P 
-P {> 

- r 'bb 


rp 

rP 




I 
- © 
P & 
© fe 
© 5 
jrj 

© Td 
fe © 

^ CO 

£Bh 

o §" 

rt ®Q 


•IJ 


§ o 
Ph Ss 

fjj 

8 co* 3 

2.3 o 
£ 


t^rP 


V, 

bn 

p 

'I 


a +3 
^ 8 
.P'S 3 

rt 'o 

*s s 

.g fcfl 

fe © 
d ^ 

t s4 

| .» 
to § 

1 ® 

P co 

rP w 

bi 


P 

o 

1 

B 

o 

o 


"p 

<7§ 


*3 


& 

02 


3 


3 

cd 

p 

5P 

© 

■B 


§ 

1 

f 

o 

o 

© • 

£ SH 

p § 
o ~ 
fp •§ 

I i 


-p 

02 


CO 

co 

d - 

n 

o 


§ 

<§> 


o 

in 

1 

,o 

rt 

*d 

Ph 


© 

P» 

<i 


© TP © O © >S> 

^•©rP^P a ® 
PPEHz-sO'S 
^ +3 w ^ “ 

■ a g-a 

§ -g *3 win ip 

S 3 43 § © g 

PS P rt ^ t> o 

.9 

^ 8 M © ^ 

38 §^ 33 - 

m ^ d b^Td . 

© Jj g ^P S <1 

3j-,,a-»pj 

■§ §-.9 

© co p d - a 
a p © oo o , m 

«•■!-i 5?fi *8 J5- 
ifS.0^ gi 
p § 02 P • J3 a 

M VI . A m -j| g 

g " &jg 

|-§^S 

a P O^ 


P '' © i—i 

p -tg © © © 

g ?. S 8 -g 

p 


,-, © o 

s a- 2 

<3 


o 


© © N 

gSl* 

S°s^ 

«M O M 

73 ° © * 
.&© ®4 

© H -P M 
rt P 03 
•ep «rrj- rt 

© H O ^ 

^ (DP 2 

*Jlg 

g|ll 

n mr t § 
© . S-3 

•iH O i-^H 

^ p [P © 

aji? 

©^ 

^ p 


o i—j 
© © 
-P 
O 
P 


© 

EH 

L_ 


fw 


© 

3 


s 

PH 

d 

&0 

P 

• r-l 

I 

© 

l 

© 

o 


73 

1 

r d 

rt §3 

^P 
© cp 


pi 

H 


fO 

O 

o oo 

«J w 

•H 

ft 


20 

vO 

v© 

cn 

w 

July 

Ha 

July 

&b 

4 


VO 


p 

p 

n> 


d- 

M 


I 


ro 


I 


•e vo 

d M 


M OO 


»jH (3 «3 5 

ft $ ® 2 


p 

:§ 4 j o 
S'go !N 
o ° CO 
ft 


- Os 
* * M 

11° t: 

B » J 


m r^. 
CO 


i a ~ 


P M 

w 


o 


>—1 


Ct 

00 

M 


l-H 


t-i 


00 

00 

1-H 

ds 

N 

00 


W 


M 


« 




ys 

in 

l-( 

o 


o 

b 

M 


VO 


OS 



o 

in 

o 

o 

Q 

o 

cn 

m 

t}- 

CO 

5 

co 

CO 

co 

t-4 


CO 


« 

CO 


in 


VO 

t-H 

# 

rb 

. 

X-H 


t>. 

in 

• 

n 


in 

d- 





CO 

+ 

+ 


1 


+ 

Os 

00 


CO 


rb 

w 

P' 


in 


M 

vO 

x^. 

i 

o 

l-l 

• 

Ct 

M 

HH 

1—i 


1-4 


1-4 

CJ 

ct 


<N 


ct 


h|n 

!>. 


o 


m 

1-0 

c* 


N 

in 

00 

+ 

N 

►K 

Os 


ys 

vb 


M 

d" 

W 


dN 

OO 


p 


5 


Os 

uo 

co 

I 


Tt- 

m 


<N 


Os 




| * 
H oo 
» Os 

% .% 


00 

m 


00 


Os 

m 


Q 

O 

2 p p 
p 


o 

p 


•a 

»« o r s 

JL co 


© ^o fp 


se rt 

7f\ 




vO 


£ t 

<3 h? 


« ,CO 

P vO 


M O 


CO-P 
os P 
p 

N <1 

n 


£ 


§ 


m 

Os 

i-i 

rj- 

• 


m 

P 


Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjournals.org/ at RMIT Central Library on August 15, 2015 





1873MNRAS..34...59B 


o 

£5 


m 

§ 

N 

q 

w . 

c3 . 
4-5 to. 
02 

. <3 

a s 

m 


»f I s 

8 “ g +5 

53 4=> 4-5 r-j 

© rP ® P 

*“i! 


IT) 


c3 54' 
io eS 

a * M 

d 

?4 

• T->. 

c3 


P g 

© oj 

cp 'P 

^ O 
£6 


5=3 53 
H rP 




a © 

© *P „ 

a _2 

I PrQ -g 


® o 

© IQ 


c3 


T7 «-{ 

M cc 
© © 
CD P 


O 4 f 

t> P 
.03 rP 


m 

co 


-p 

p, 

© 


H M , v 
S £« 'H 

© J. 

a ^ 

g.B a 
F* O 

s.2*s 

§ Sr§ 
p,2 2 ■ 

2 8 . 
m © z?Cu 
o ® ® 

a^ cej>.a 


g 


§ 

•»—\ 

a 

c3 

P 

a 

o 

© 

© 

"p 

p 

a 

© 

►P 

4-> 

o 

p 


ISSN 

co g 

®qW 
p«1 •£ *g © 

* n * * S 

l ^ « &S4* Cfi 

&a*| 

•^_VO 02 £_| ce CQ 


in 


d 

Tt- 

VO 

d 

Tt- 

B 


WW 

a i's 

• St .NgaS 

5^ ® .~S bo 

^ g^ZI^ 

^ .• |5d 

*'” s a 

o 

- * § 

S S^M-si 

" c-r^'S 
_ —: £ P os 
Q .o 


Cs<j 


-= t>5 CO P 

53 5 S M © 

Ci_i eg r- 

O ® £ P 


CG £>- 

<c 43 ; 


J2 P<2 c3 

B 


WV 

r% ^ 


03 || 


O'© 

^ s ^3 

g e, £ 

.o se ^ 

P 00 J© 

P © B 

a s 

O B 

1 

I, n f 

» o ^ • 

13 VO C5 
T3 ,_, in OS 
CO 0 
co 

.2 ,-C ^ • 

M P PH 

H P ^ 
’p O +D .2 

© S-p's 

53 11 © 8 

+J . © rP 

i—B O 

^:gf 2 
•g fe §« 

03 S tc A 

© <x ■- 

S.U 

.ffi m p( c3 

^ CO P P 


£> = 

| k ® 

o 

^ S3 p 

2. 2 -fe 

CO +j 


fl 

.a 

a 

a ■ 

r 

| Tj-P 
© ^ 40 

40 Cl g 

53 O 
l^drP 
•8 § * 

l-s* 

K « 40 

,« o 53 


.2 © 

40 'tJ 

« I 

f-H 

§•- 

^■1 
'S 


•P g 

Jo IE w 


S 3 


53 

&S 

OP 
© P 

ll 


rs .2 a s=3 

^ O O 

* O 33 ^ o 
*o 

® rs 


’ O 1 
in 


a: 1 


|T P 'o S 

^ 5 -g’S &c 

EH 


1 

> ro 
8<2 


Tj* 

VO 

00 

00 




*•* 

►HI 

M 

ti 

>? 

tic 

fee 

be 

S3 


53 

p 

p 

<1 

B 





O 

CO 


40 

P 

© 

m 


s 




^KN 



CO 


M 

Oi 

CO 

oo 

VO 

=3 

M 






43 







'3 







fcp 





tHjd 


c5 



00 

00 

CO 

00 


tance 

est. 

it 

1*2 

HH 

cp 

HH 

d 

01 

£ 





I’go © 

§ © N 

Oil 

o o 

00 00 
d 

in 

t'H 

O 

d 







- 


►—i 

in 

CO 

Tf 

00 

rr- 6 

Tj- 

CO 

CO 

Tf- 


CO 

© 5pc 

CS 

Cs 

o 

l-H 


« 


m 

d 

d 

d 


CJ 


+ 

+ 

1 

1 

i 

1 


CO t-H 


1 >« OS 

►H 

M 

l-l 


Tj" 

co 

m 

cS 0 0 

w 

^ o 

d 



CO 

B* in 




M 

i-H J—( 

d 

d 


<N 

M M 

d 

d 



so 







cs 



o 




CO 



VO 




d 






• 



d 

►H 



3 

<P 


VO 

d 



*-3 

OS 

m 

rO 

vO 

o 

hH 

CQ 

co 

o 

C3 

Cso 

• r-i 

w 

o 

p 

+ 

bb 

co 

• r-t 

53 

&C 

54 

O 

r-H 

tb 

5h 

< 

vo 

♦-H 

CO 

m 

co 

co 

rt- 

f-i 

to. 

c3 

. 


. 


<1 

Q 

B 

o 

H—l 

B 


VO 

i>» 

00 

OS 

O 

VH 

o 

vC 

VO 

VO 

VO 



J25 

HH 

>-< 

<—i 


HI 

i-4 


© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjournals.org/ at RMIT Central Library on August 15, 2015 




PQ 

<y\ 

ID 




CD 

H 

ft 


o 


.irC! a 

^ t j§ © 5 

g^S ta 

.*g * 

§ § .■« 

*3 oo M „ 

§ ^ ^ >>jS 

Qi 1 ^ 0) ^ 'j 

- 02 fl g 

|ft° ° S 

UD°®a 

-p 05 ^ fl 

l^oj 

r d mSE'flfj 


- co M S 

K S S ft 

- - S o ft o 
g3 °4 


p , - 

<d b» 

t> . 

©H 

CD 


n _® -3 


?3 


OQ £ 


c3 


2 g ^ •s «<2 

te-g.S *= 
^ ® g i *rS 

8 ' 3 ’S.S'a ® 

+3 qq CO <D Jf 

" 5 § e«e g 

p 3 H-| cp^ ft 113 

V £3 j 5 ft ft nd oq 

H 


m.i 

W) 02 if S ft V* 


pi <d 




ftj® - 


o g r ci q W rx 

^ ^ <i § .3 & 

.S'StffS ® ^ 

fl^rQO 

H ®-rt - 

M f*\ . O ^ 

I 


1 o <3 


00* S CD Tj - 

SsS-B 

ic^i d 9 a, 

' . Tj <© c<3 *** 


g © .if d -H« 

ftft S « ^ 
o 02 co y ir 

pj g q ^ ft 
£,2 o 

eq W ’5 P fl 

I'sf^l 

<d g £ 2 

£>g^P) 8 
S m“^.9 W 

CD VQ p> ^ _ . . 

£ *x o Ov © p N 

‘“h ca fl ag fl 

H h o s cu H cd 


5 ^ if if S 
.M *r-i o rj- 


«3 

ft 


® -X 

p 2. 

& c£ 

CD N 

^ w 

'if 02 
O u 

05 -+J 
^ 02 

2 o^S 

■s-S-1 
: ■§ «8 

<B © <D 

m p U 

coft «e 

CO 


o3 , 


a 


5' 

H 


W ft 


CD m 


03 
ft 

5 dl! 

to =3 

•_q <m ^ 

M co 

03 -3 w 


Si 

X 


§ 

-S 

o. 

•cc» 


o 

,u 

ft 

© 

o 

ce 




<50 

05 C) 

i § 

CH 25 

J 

tx 

P3 


a q 
o 3 

05 

p I 

O CQ 

ft © 

O CD 

rt *4 
ce a 
oT ^ 
§ ce 


?>.. 
«3 


VO 
co °9 


S-i'q ^ 

a O 

'^•<5 

'UB 

CD O 

° o.q 

3 2 'R 

P 5 &p . 

^ gft 


VO 

o 

00 

rj- 


00 

00 

*“• 

M 

ct 

N 




Sept. 

bb 

< 

$ 

<i 

k> 

3 

Sept. 

Sept. 

Sept. 


o 

VO 

ot 

CO 

Hw 

On 

O 

00 

00 

pf 




*•< 



.if 








I 

a 

VO 

00 

r4e* 

OO 

r4e* 

ON 

cR 

hS 

!>. 

VO 

is. 

. vr> 



VO 

00 


VO 

fl S %" o 


vo 

M 

l>H 

Ct 

6 








osition 

est. 

» 5- 

o 

VO 

Ot 

& 

01 

120 


O 

oo 

« 

o 

CO 


- 

vo 

JX. 

rf- 

JX 

o 

CO 

. . 


CO 

►-* 

N 

vo 

M 

CO 

'g <S 

® CO 

ft - 1 

O U2 

VO 

VO 

O 

i-i 

tx 

oo 

CO 

■22 

vo 


1 

+ 

1 

+ 

T 

1 

1 


02 Ot 
vo 

CO 

0* 

00 

vo 

9 

rb 

vo 

vo 

vo 

JX 

vo 

<i cS 
P^'S 


N 

Ot 

N 

ot 

Ov 

vo 

CO 

VO 

■cb 

CO 

-cb 

qj et 

01 

N 

N 

M 

M 

Ct 

Ct 

N 

M 

N 



vo 





Ov 

VO 




> 

r^ 


O 

rx 

. 

w 

N 


Os 

§ 

II 



6 ^ 

•ft 

d 

•5 

• rH 

. ft 

VO 

ir, 

00 

OO 

00 

rb 

tx 

+ 

o 

T 1 


CO 

4 

P 


& 

Tb 

£? 


VO 

< 

ft 



W 

rb 

00 

^b 

vo 


^^ 

rb 


o 

M 

N 

00 

. 

vo 

CO 

N 

M 

-f 


• ft 


M 

*s 


ct 

ce 

GC 

. 

pJ 

u 

o 

CT 1 

< 

525 

<1 



© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjournals.org/ at RMIT Central Library on August 15, 2015 




& 


«o 

I 


0Q 

Pt 

S 

m 

ft 

c3 

a 

m 

O 


C3 

ft 

4 -> 

S 

3 

o 

.§ 

3 

a 

<1 


• h 

d 


~ 23 rrj 

'll § 

•I’lf 

SS «3 g 

JS O PJ 
O Mv _ 
r2 ft g 
fl 03 CO ft 
^ as -p i> 

• r—I r^! p* 

•| § 
ft S 16 03 
Ej oq ^9 

I— j tr> *rH 

1 .£*? 

S § S'fa 

^ § 2 

ft ftv 4 . ft 
d o » 

§1^ 

iM-S-s 

^vo 

fej 

I I - 3 H 

a * 

< 


«<* ~ O * 

||»l 

,fi O ® (v 

3 fe's-nM 


ft o 
+2 PI 


'B • 

02 ft 


g 

ft 

4J 

d 

P OQ 2 
ft g £ ft ^ £ 

b o fld ^ 

^ F o d © u 

'’J 23 03 23 d 
.-+J ft ft d 

« ^ H ^ d ^ 

’g/S . £>% ° 
8 sS?^ 

fl 5= ^ 

8 S* 

ft g : g 

23 ft § 

O “ PH to *5 

r-| 03 42 

° ►-' N % t? 

E ft ® g S3 

jjj to os PI ft ft 

EH 

v -V-' 


•dg 


0J © 

p ft 
c0 +=» 

*•£ ft~ 


"S ^ r .® i 2H d 
■n n 2 E 5 3 r 1 ri co 

- "ft ft y>g r S_§'x» 

H u. 3 ft N —' 


fco.^ 


.— ft 
h£ 

5 <1 


ft 1 

o § 

43 CM 
jS ftj 

"d ft 

CO CTV . 
C3 *4 

«£ ft 
o d 
~ ft 

‘§3 

=^| 
< 4 - d ft 


* « 2 
1.0 M 

<H ft 

03 2 S 

ft M * 

H 


d 02 H 

. _-1— r 

§ g^.ft ft d pft ~s 
*© co"0 g £> ^ ft 5 ft 
*-i on *? s - -ift 3 
o S II m -* a ,-e *d s 


CO 2 

d li 02 ft .5 ft _ 

•§ ® -3 % §,§1 2 

ft ,3 ^ft M d ’ w p .* 

II ® . S2 03 H 

11 O <33 2 4-d £j 

= fi^'8g ) |§S J 

<3 23 


o to 
^3 ft 

1“ ^ § 03 

d M (^ S „ 

ftd •ft'l^^ftS 
d 23 <* © ft ^ ^ dft 


I Cill sl.f 

r S ^ 2z;ft rr H 3 It 2 2 

d ^ ft — - 4 vr—! S4 

d i r' r*< ft t: o 

| =35^ ^ :>^ 

^ o -= if = ft —- - j 

g| 2 3 ^1 

k S §Q 'O 4^ ft > C3‘ 


■g 


ON 


r>. 

N 




i>. 


VO 


•S3 

« 


O 


H-S 


&JD 

d 

<j 


tJD 

d 

<j 


d 


ft 

d 

-ft 

fl 

g 3 


-*i« 

00 


00 


GO 


« ® 


VO 


v° 


00 

* 

r ri 2 ft -- 

ft P 03 " 

m 

b 

O 


l-O 

o 

e 

P ^ © 



ft 


1-4 



P 








o 

»rH . 

m 

o 

O 

o 

o 

m 

* 

ft ft 0 

w 

o 

0 

o 

CO 

ft 

• 

o 03 


ct 

1-4 

CO 

ct 




^ ft 

IH 


CO 


!>. 

M 

in 

►4 




Ct 

M 

' CO 

3 

* 

ft 

• 

ft 

r^. 

cs 

O 


1-4 


*•* 

O' 

1 

ft 


1 


1 

ft 

v. 00 

O 


1-4 


ft 

ft 

ft 

M 


CO 


co 

44 

3 *-o 

c-t 

. 


. 

O 

ct 

CO 


* 


* 

k— 


^3 Ct 

CO 


CO 


CO 

44 

Ct 

IN 




N 

ct 






CO 



oo 







ft 







a 

o 

d 

<1 


5 pq o 

i’S i 

SP* “ 
<1 


VO 

co 

02 O 
0., 


ft ft ft 
a PI 
^ d ce 




-3 

p 

d 

K 

55 


Ov O 
»>. ft 


00 


C3 

00 


© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjournals.org/ at RMIT Central Library on August 15, 2015 






